4 



•1 *r 

• - m 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 407 985 A1 



EUROPEAN PATENT APPLICATION 



© Application number: 90113176.3 
(§) Date of filing: 10.07.90 



® int.ci.5: H01L 21/00. C23C 14/50 



® Priority: 10.07.89 US 377692 


0 Applicant: APPLIED MATERIALS INC. 


PO Box 58039 


@ Date of publication of application: 


Santa Clara California 95052(US) 


16.01.91 Bulletin 91/03 


© Inventor: Jaffe, Peter R. 




@ Designated Contracting States: 


100 Shirley Street 


BE CH DE FR GB LI NL 


Hove, E. Sussex BN3 3WG(GB) 




Inventor: Fairbairn, Kevin 




Studio House, Jolesfieid 




Partridge Green, W. Sussex RH13 8«IS(GB) 




0 Representative: Diehl, Hermann Dr. et al 




Diehl & GVaeser, HiitI & Partner 




Fluggenstrasse 13 13 13 




O-8000 MUnclien 19(DE) 



0 Method for preventing cross contamination during semiconductor wafer processing and shield 
assembly used in this method. 



IT) 
00 

o> 

O 



0 A method for preventing cross-contamination of 
semiconductor wafers during processing comprising 
covering a surface portion of a support assembly 
with a process compatible material, engaging a 
semiconductor wafer with the support assembly, pro- 
cessing the wafer swhile it is engaged with the 
support member, and removing the process com- 
patible material from the support assembly after said 
material is considered to be contaminated. A shield 
particularly adapted for this process includes a 
shield portion (18) made from a process compatible 
material and a process-compatible adhesive for at- 
taching the shield portion to the support assembly 
(10). 




FIG. I 
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METHOD FOR PREVENTING CROSS CONTAMINATION DURING SEMICONDUCTOR WAFER PROCESSING 

AND SHIELD ASSEMBLY USED IN THIS METHOD 



This invention relates to a method and appara- 
tus for preventing cross contamination of species 
during the processing of semiconductor wafers and 
Is in the field of semiconductor processing equip- 
ment and more particularly of ion implantation end 
stations. 

Ion imptanters are used to implant various 
types of ions into semiconductor wafers to change 
the electrical characteristics of the wafers. For ex- 
ample, boron, phosphorous, arsenic, and oxygen 
are all typically implanted to create p-type, n-type. 
or insulating regions within the semiconductor wa- 
fer. 

In an ion implantation machine, an ion beam is 
generated and is scanned across the surfaces of 
the wafers. During this process, the beam also 
impinges upon surrounding surfaces, such as the 
wafer support wheel, causing ion implantation into 
these surfaces. 

The problein of cross-contamination arises 
when ions of different types are implanted using 
the same ion implanter apparatus. For example, if 
wafers are first subjected to a phosphorous implant 
a certain percentage of the phosphorous ions will 
be implanted Into the surrounding surfaces. If an- 
other set of wafers are then subjected to an arsenic 
implant some of the phosphorous ions which were 
implanted into the surrounding surfaces will be 
released, contaminating this new set of wafers with 
phosphorous. 

This problem has been addressed in the prior 
art in several ways. One obvious, but expensive, 
solution is to have a dedicated ion implanter for 
each species of ions to be implanted thereby elimi- 
nating any chance of cross contamination However, 
with ion implanters costing in the range of 
$500,000-$2,000,000 this is not a particularly desir- 
able solution. 

Another solution to the cross-contamination 
problem is to remove the contaminated surfaces by 
either thoroughly cleaning them with an abrasive 
substance, or by re-machining them. However, this 
is an expensive process which results in consider- 
able machine downtime. Furthermore, the cleaning 
or re-machining process can introduce undesirable 
particulates into the ion implantation machine. 

A partial solution to the cross-contamination 
problem is to mininize the surrounding surface area 
into which ions can be implanted. This approach is 
taken with the Precision .9000 and precision 9200 
ion implanters produced by the Applied Implant 
Technology Division (Horsham, England) of Applied 
Materials. Inc. (Santa Clara, CIdifornia). In the Pre- 
cision 9000 and 9200 systems, wafers are sup- 
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ported on a spoked wheel thereby presenting mini- 
mal surface areas for potentially cross-contaminat- 
ing implantation into surrounding surfaces. How- 
ever, even the Precision 9000 and 9200 systems 
5 present the potential for cross-contammation due to 
implantation into the spokes of the wafer support 
wheel. 

An object of this Invention is to provide a 
method and apparatus for minimizing cross-con- 
70 tamination during ion implantation of semiconductor 
wafers. 

This object is solved by the method of in- 
dependent claim 1 and the shield assembly of 
independent claim 8. Further advantageous fea- 

75 tures are evident from the dependent claims and 
the following description and drawings. The claims 
are to be viewed as a first non-limiting approach of 
defining the invention in general terms. 

Briefly, one embodiment of the present inven- 

20 tion includes a shield member which covers ex- 
posed areas of the wafer support wheel near the 
support wafers. The shield members are made 
from a process compatible material capable of 
blocking and absorbing the ion beam, and are held 

25 in position with a vacuum compatible adhesive. 
Alternatively, the exposed areas of the wafer sup- 
port wheel can be coated with a process compati- 
ble coating which Is later stripped from the wheel 
to remove the contaminating materials. After the 

30 material is contaminated it is removed and re- 
placed with fresh ion absorbing material. 

An advantage of the present invention is that 
cross-contamination of species can be virtually 
eliminated in a simple and cost-effective manner. 

35 The need for dedicated ion implantation systems is 
eliminated* 

These and other object and advantages of the 
present invention will no doubt become apparent 
upon a reading of the following descriptions and a 
40 study of the various figures of the drawing. 

Figure 1 is a front elevational view of a solid ion 
implantation wheel provided with shield mem- 
bers In accordance with the present invention. 
Figure la is a partial cross-sectional view taken 
45 along line la- 1a of Fig. 1. 

Figure 2 is a front elevational view of a spoked 
ion implantation wheel provided with shield 
members in accordance with the present inven- 
tion. 

50 Figure 2a is a partial side view taken along line 
2a-2a of Fig. 2. 

Figure 3 is a perspective view of a shield mem- 
ber in accordance with the present invention. 
In Fig. 1 a solid wafer support wheel 10 is 

2 
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supported by a hub 12 for rotation. The wheel 10 
holds a number of semiconductor wafers 14 proxi- 
mate to its circumference. As the wafers 14 are 
scanned past an ion beam, ions are implanted both 
into the wafers 1 4 sand into surrounding regions 1 6 
of the wheel 10. creating a potential source of 
cross-contamination. In accordance with the 
present invention, shields 18 are attached to the 
surface of the wheel 10 to cover these surrounding 
regions 16. The shields 18 are generally wedge- 
shaped, and have an aperture 19 through which the 
wafers 14 are implanted. Three of these shields 18 
are shown in Fig. 1; obviously an additional nine 
shields would be used to completely cover the 
exposed surrounding regions 16. 

In the cross-sectional view of Fig, la, the wafer 
14 is held within a circular recess 20 of support 
wheel 10. A clamping ring 22 can be used to hold 
the wafer 14 in position. The shield 18 covers both 
the surrounding regions 16 and the clamping ring 
22 to minimize the surface area of the support 
wheel into which tons can be implanted. Aperture 
1 9 of the shield is aligned with the surface area of 
wafer 14 to permit implantation of ions 23 into the 
surface of wafer 1 4. 

Fig. 2 illustrates a spoked wafer support wheel 
24 of the aforementioned type made by Applied 
Materials, Inc. The wheel 24 rotates around a hub 
26 and supports a number of semiconductor wafers 
28 at the end of spokes 30. As is apparent from 
this figure, the surrounding regions into which ions 
may be implanted is much reduced with this de- 
sign as opposed to the solid support wheel illus- 
trated in Fig. 1. However, ions can still be im- 
planted into spokes 30 of support wheel 24. there- 
by presenting a potential source of cross- contami- 
nation. To eliminate this possibility, the spokes 30 
are provided with shields 32 and 34 to cover the 
areas of spokes 30 which might be exposed to the 
ion beam. 

In Fig. 2a, a platen 36 supports a wafer 28 on a 
thermally conductive elastomeric pad 38. Fixed re- 
straints 40 and retractable restraints 42 firmly hold 
the wafer 28 on the pad 38. The spoke 30 has an 
inlet 44 and an outlet 46 for cooling water which 
circulates through platen 36. Shields 32 and 34 
cover the surfaces 48 and 50. respectively, of 
spoke 30 which would otherwise be subjected to 
ion implantation from ion beam 52. Alternatively, a 
single suitably conformal shield (not shown) can be 
applied to surfaces 48 and 50 of spoke 30. 

The shields as thus far described can be 
shields attached to the surrounding regions of the 
support wheel by means of a process compatible 
adhesive, or they can be shields formed by coating 
the surrounding regions with a suitable liquid coat- 
ing which Is subsequently cured to form a solid 
coating. For example, certain organic materials 



such as liquid photoresists may be applied to the 
surrounding regions and allowed to dry to form a 
process compatible shield. After the process Is 
completed, the photoresist can be removed me- 
5 chanically or by means of a suitable solvent to 
remove potentially contaminating materials. How- 
ever, due to the relative difficulty of applying and 
removing coatings to the support wheel, the best 
mode currently contemplated for the present inven- 

70 tion is to attach shield members to the support 
wheel by means of a suitable adhesive. 

In Fig. 3. a shield 34 includes a shield portion 
54 and adhesive portion 56. A removable strip 58 
protects the adhesive portion 56 prior to its attach- 

75 ment to a wafer support wheel. The shield portion 
54 is made from a process compatible material 
which will not contaminate or otherwise interfere 
with the processing of the semiconductor wafers. 
Since heavy metals might cause process yield 

20 problems, the material of shield portion 54 prefer- 
ably has an atomic weight of no greater than four- 
teen. Suitable elemental materials for shield portion 
54 include aluminum, silicon, and carbon. Alter- 
natively, various metal alloys or organic materials 

25 such as polycarbonates can be used as the ma- 
terial of shield portion 54. Besides being non-con- 
taminating, the shield portion 54 should be able to 
block and absorb the majority of ions impinging 
upon it without substantial outgassing, which could 

30 impair the vacuum environment. 

The adhesive portion 56 should be made from 
a vacuum compatible peelable adhesive such as 
280A^'" made by Dow Corning. Most peelable ad- 
hesives are prone to outgassing when in a vacuum 

35 and are therefore unsuitable for use in the present 
invention due to contamination problems. The 
aforementioned 280A adhesive is also strong 
enough to hold the shield portions in place against 
the centrifugal forces created by the spinning sup- 

40 port wheels. 

In summary, as should be apparent from the 
above discussions, a method for preventing cross- 
contamination of species during ion implantation in 
accordance with the present invention involves the 

45 steps of: 1 ) covering a surface portion of the sup- 
port wheel with a shield; 2) engaging a semicon- 
ductor wafer with the support wheel; 3) processing 
the wafer while It Is engaged with the support 
wheel; and 4) removing the shield from the support 

50 wheel after it is considered to be contaminated. In 
some cases, the shield may be considered to be 
contaminated after one processing cycle, but in the 
majority of cases the shield may be used for mul- 
tiple processing cycles, i.e. until it becomes suffi- 

55 ciently contaminated to affect the yield of the sys- 
tem. In this manner, cross-contamination of species 
is minimized. 

While the present invention has been de- 
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scribed in terms of several preferred embodiments 
various alterations, modifications, and extensions 
thereof will no doubt become apparent to those 
skilled in the art upon a study of the specification 
and drawings. For example, while the present in- 
vention was discussed in the context of ion im- 
plantation systems It is also applicable to other 
type of semiconductor processing equipment such 
as plasma etchers, chemical vapor deposition ap- 
paratus, physical vapor deposition apparatus, etc. It 
is therefore intended that the following appended 
claims be interpreted as including all such alter- 
ations, modifications, and extensions which are 
within the true spirit and scope of the present 
invention. 



Claims 

1. A method for preventing cross contamination 
during semiconductor wafer processing in which at 
least one semiconductor wafer is engaged with a 
support means and processed while it is engaged 
with said support means comprising the steps of: 
covering at least a surface portion of the support 
means which during processing would otherwise be 
exposed to a semiconductor processing environ- 
ment with a process compatible material, and 
removing said process compatible material from 
said support means after said material is consid- 
ered to be contaminated. 

2. A method as recited in claim 1 wherein said step 
of covering an area of a support means comprises 
applying an adhesive backed shield to said support 
means. 

3. A method as recited in claim 2 wherein said 
shield is made from a material which does not have 
substantial quantities of any components having an 
atomic weight greater than fourteen. 

4. A method as recited in claim 3 wherein said 
material includes a component selected from the 
group of aluminum, silicon, and carbon. 

5. A method as recited in claim 2, wherein said 
shield is made from an organic material. 

6. A method as recited in claim 1 wherein said step 
of covering an area of a support means comprises 
applying a coating to said support means. 

7. A method as recited in claim 6 wherein said 
coating is made from an organic material. 

8. A shield assembly for a surface portion of a 
semiconductor wafer support (10, 24) which would 
otherwise be exposed to a semiconductor process- 
ing environment comprising: 

a process compatible shield portion (18. 32. 34) 
configured to cover said surface portion of said 
semiconductor wafer support (10. 24). and 
means (56) for attaching said shield portion (18. 32. 
34) to said wafer support (10. 24) to cover said 



surface portion. 

9, A shield assembly as recited in claim 8 wherein 
said means (56) for attaching said shield portion 
comprises a process compatible adhesive. 
5 10. A shield assembly as recited in claim 9 further 
comprising a removable strip (58) covering said 
adhesive (56). 

1 1 . A shield assembly as recited in one of claims 8 
to 10. wherein said shield portion (18, 32. 34) is 

w made from a material which does not have sub- 
stantial quantities of any components having an 
atomic weight greater than fourteen. 

12. A shield assembly as recited in claim 11 
wherein said material includes a component se- 

15 lected from the group of aluminum, silicon, and 
carbon. 

13. A shield assembly as recited in one of claims 8 
to 10. wherein said shield portion (18. 32. 34) is 
made from an organic material. 

20 
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